Radical-scavenging activity, ACE-inhibiting capability and identification of rapeseed albumin hydrolysate  by Yu, Wancong et al.
Ai
a
t
t
s
©
K
1
d
n
d
o
d
[
u
l
t
t
s
a
e
T
T
P
2
h
hAvailable  online  at  www.sciencedirect.com
Food Science and Human Wellness 2 (2013) 93–98
Radical-scavenging activity, ACE-inhibiting capability and identification of
rapeseed albumin hydrolysate
Wancong Yu a, Jie Gao b, Zhaohui Xue b,∗, Xiaohong Kou b, Yifan Wang b, Lijuan Zhai b
a Tianjin Research Center of Agricultural Biotechnology, Tianjin 300384, China
b School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China
Received 20 March 2013; received in revised form 25 April 2013; accepted 22 May 2013
bstract
Albumin derived from rapeseed was hydrolyzed sequentially using alcalase and flavorzyme to produce antioxidant peptides. To identify antiox-
dant peptides, rapeseed albumin hydrolysate (RAH) was fractionated using size exclusion chromatography (G-25). The antioxidant activity and
ngiotensin I-converting enzyme (ACE) inhibiting activity of rapeseed peptides (RSP) purified from RAH were evaluated. The results revealed
hat RSP-4 had the highest ABTS radical-scavenging activity (TEAC value = 0.24) and ACE-inhibiting capacity (IC50 = 0.19 mg/mL) compared
o other fractions. Moreover, RSP-4 was identified as PFDSYFVC (977 D) by electrospray ionization (ESI) mass spectrometry and tandem mass
pectrometry (MS/MS).
 2013 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
The quality of food products can be affected by lipid peroxi-
ation, which can result in alterations in flavor, texture, color, or
utritive value, or cause potentially toxic reactions in the food
uring processing and storage. Antioxidant peptides, a class
f safe and widely distributed natural antioxidants, have been
erived from different protein resources such as porcine plasma
1], jellyfish [2], rice endosperm [3] and algae [4], and can be
sed to prevent or delay food deterioration and extend the half-
ife time of foods. In addition to inhibiting lipid peroxidation and
he formation of free radicals, antioxidant peptides also exhibit
ypical characteristics of natural antioxidants compared with
ynthetic antioxidants such as butylated hydroxyanisole (BHA)
nd butylated hydroxytoluene (BHT), which have potential side
ffects. The antioxidant properties of these hydrolysates, such∗ Corresponding author at: School of Chemical Engineering and Technology,
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s free radical-scavenging activity and metal ion chelation, have
een ascribed to the cooperative effects of multiple properties
5].
Another important application of these natural polypeptides
s antihypertensive treatment. Hypertension is a major risk factor
or cardiovascular disease, affecting up to 30% of the adult popu-
ation around the world [6]. It is known that the balance between
he renin–angiotensin system (RAS) and the Kallikrein–Kinin
ystem (KKS) plays a significant role in the regulation of
ater, electrolytes and blood in organisms [7], as angiotensin
-converting enzyme (ACE) can participate in the regulation of
lood pressure by converting angiotensin I to angiotensin II. Cur-
ently, different ACE inhibitors such as enalapril and captopril
or antihypertensive therapy have been synthesized. However,
hese synthesized inhibitors could result in a number of undesir-
ble side effects, such as cough, loss of taste, renal impairment,
nd angioneurotic edema [8]. Therefore, natural ACE inhibitors
ave gained more and more attention, and antihypertensive activ-
ties of natural ACE inhibitors from several protein hydrolysates
uch as casein [9], whey [10], fish [11,12] and algae [13] have
lready been identified.
As one of the most important oilseed crops in the world,
apeseed is increasingly becoming a major crop worldwide.
ccording to FAO requirements, rapeseed not only has well-
alanced compositions of amino acids, but also is rich in lysine,
hich is correspondingly limited in legumes and cereals. There-ore, it can be considered an excellent source of protein for
umans [14]. Meanwhile, rapeseed protein hydrolysates (RPH)
s a source of bioactive peptides as well as. The solubility,
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il-holding capacity, foaming capacity, foaming stability, emul-
ifying capacity, and emulsion stability of rapeseed peptides
RSP) have been systematically explored [15,16]. Moreover,
SP has also been reported to have the bioactive functions such
s HIV inhibition [17], insulin resistance inhibition [18] and
ntioxidant activity [19]. Since the functional properties of pep-
ides are highly associated with amino acid sequences and spatial
tructures, the identification of molecular structure and mass
eight using mass spectrometry is extremely desired [20].
In order to uncover the potential bioactivities of RSP, ABTS
adical-scavenging activity and ACE inhibitory capacity of RSP
ave been evaluated in the present study. Moreover, the molecu-
ar mass and amino acid sequence of RSP-4 (the forth rapeseed
eptide fraction) were measured using electrospray ioniza-
ion (ESI) mass spectrometry and tandem mass spectrometry
MS/MS). They might provide a reasonable explanation for the
tructure–activity relationship of RSP-4, and a theoretical basis
or the development and utilization of bioactive peptides.
.  Materials  and  methods
.1.  Materials
Rapeseed was kindly provided as the gift from Huazhong
gricultural University. Sephadex G-25, 2,2′-azinobis(3-
thylbenzothiazoline 6-sulfonate) (ABTS), ACE and
ip–His–Leu (HHL) were purchased from Sigma Chemi-
al Co., USA. Alcalase and flavorzyme were purchased from
ovo Co., Denmark. Lotensin was purchased from Novartis
o., China. All other reagents used for the experiments were of
nalytical grade.
.2.  Preparation  of  RAH
RAH was produced according to the method described pre-
iously [21]. Rapeseed flour 100 g was stirred for 1 h at room
emperature in 1000 mL distilled water. The resultant slurry was
entrifuged at 2200 ×  g  for 10 min and the supernatant was col-
ected. The residue was extracted with 500 mL of distilled water
or 1 h and separated as mentioned previously. Supernatants
ere pooled, and the pH was adjusted by 1.0 mol/L HCl to pH
, where most of the proteins were precipitated. The precipi-
ate was rapeseed albumin, and removed by centrifugation at
000 ×  g for 15 min and then lyophilized and stored at −30 ◦C.
apeseed albumin was then resuspended in distilled water as
.87 g/100 mL and the alcalase-substrate ratio was adjusted to
.38 AU enzyme/g under optimal conditions of 50 ◦C, 1 h, and
H 8.0. Proteins were withdrawn at 1 h of hydrolysis, and the
H was adjusted to 7.0 followed by the addition of flavorzyme at
0 LAPU/g ([E]/[S]). The sample was hydrolyzed for 2 h at pH
.0, which was adjusted with 1 mol/L NaOH. The hydrolysate
as subsequently transferred to a water bath at 80 ◦C for 10 mino inactivate the enzyme. After cooling, the supernatant was har-
ested by centrifugation at 2200 ×  g for 10 min. The supernatant
as then lyophilized and used as the RAH.
w
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.3.  Preparation  of  RSP
RAH was purified on a Sephadex G-25 gel filtration column
1.6 cm ×  50 cm) and eluted with distilled water at a flow rate
f 0.6 mL/min. The eluted fractions were pooled after spectro-
hotometric measurement at 280 nm. The respective fractions
ere named as RSP-separation, pooled and lyophilized.
.4.  ABTS  radical-scavenging  activity
The free radical-scavenging activity was measured according
o the method described previously [22]. The reaction mixtures
ere reacted for 6 min by mixing 1 mL of sample and 2 mL
f ABTS free radical solution diluted with PBS, and the initial
bsorbance at 734 nm was almost 0.7. The absorbance of the
esultant solution was recorded at 734 nm. A lower absorbance
ndicated a higher ABTS radical-scavenging activity.
The scavenging activity was expressed as the following Eq.
1):
cavenging activity (%) = Acontrol −  Asample
Acontrol
×  100 (1)
here Acontrol is the absorbance of the ABTS radical without
ny protein hydrolysates.
The antioxidant ability of the sample to scavenge ABTS free
adicals was then expressed as a Trolox equivalent antioxidant
apacity (TEAC) value using the formula (2):
EAC = IC50, Trolox
IC50, sample
(2)
.5.  ACE  inhibitory  activity
The ACE inhibitory activity was measured according to the
ethod from Cushman and Cheung [23] with minor modifica-
ions. Totally 100 L of each sample was mixed with 100 L of
 mmol/L HHL dissolved in 0.5 mol/L sodium borate buffer (pH
.3, containing 0.3 mol/L NaCl). After pre-incubating at 37 ◦C
or 4 min, the mixture was incubated with 10 L of 10 mg/mL
CE solution for 30 min at the same temperature. The reac-
ion was terminated by adding 200 L of 1 mol/L HCl. The
ippuric acid liberated by ACE was extracted by ethyl acetate
nd determined directly at 228 nm. The IC50 value represents
he concentration of ACE inhibitor at the reduction of 50%.
otensin, a commonly used antihypertensive drug, was also
ested as the positive control.
The inhibitory rate of ACE activity was calculated as the
ollowing Eq. (3):
he inhibitory rate of ACE activity (%) = A0 −  Ac
A0
×  100
(3)here A0 represents the absorbance of the sample and Ac repre-
ents the absorbance of the control.
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Fig. 1. Elution profile of RSP fractions separated by gel filtration on Sephadex
G-25 column. The column (1.6 cm × 50 cm) was equilibrated and eluted with
distilled water at a flow rate of 0.6 mL/min at the wavelength of 280 nm. 4
peptide fractions (RSP-1, RSP-2, RSP-3 and RSP-4) were harvested according
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Fig. 2. ABTS radical-scavenging activity of RSP and its fractions. RSP-1, RSP-
2, RSP-3 and RSP-4 were four major fractions that was obtained and lyophilized
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sequently increase blood pressure [25]. ACE inhibitory peptides
are considered to be useful for preventing hypertension. Fig. 3
revealed that the ACE inhibitory activity of RSP (66.59%) waso molecular sizes.
.6.  Identiﬁcation  of  peptide
The molecular weight of RSP-4 was determined by electro-
pray ionization–mass spectrometry (ESI–MS) with a positive
on detection mode (Finnigan LCQ Advantage Max, USA). The
olecular sequencing was analyzed with tandem mass spec-
rometry (MS/MS).
.7.  Database  analysis
All MS/MS spectra were initially subjected to analysis with
he SALSA algorithm (Bioworks 3.3 version, Thermo Finnigan),
 tool for identifying MS/MS spectra with user-defined param-
ters. Afterwards, a rapeseed database was used to search and
dentify the sequences of the peptides (Bioworks 3.3 version,
hermo Finnigan).
.8.  Statistical  analysis
All tests were performed in triplicate and the data were
xpressed as M  ±  SD. Data were subjected to the analysis of
ariance (ANOVA) followed by Duncan’s multiple-range post
oc test, and a significant difference was considered at P  < 0.05.
.  Results
.1.  RSP  fractionation
The final RAH obtained by sequential enzymatic hydroly-
is with alcalase and flavorzyme was injected into a G-25 gel
ltration column (Fig. 1). RSP was characterized by a profile
ith separated peaks, suggesting the present peptides were quite
eterogeneous in size. Four major fractions named as RSP-1,
SP-2, RSP-3, and RSP-4 were obtained and lyophilized for
urther studies.
F
R
trom RSP by gel filtration on Sephadex G-25 column.
.2.  ABTS  radical-scavenging  activity
ABTS is a stable organic free radical, which can directly
eflect the scavenging ability of a sample by measuring the
hanges in absorbance [24]. Fig. 2 shows the ABTS radical-
cavenging activity of RSP and each fraction. The scavenging
ate of ABTS was enhanced at the improved concentration of
SP. The TEAC values of RSP and each fraction (RSP-1, RSP-
, RSP-3, or RSP-4) were 0.168, 0.186, 0.140, 0.120 and 0.240,
espectively. Among these fractions, RSP-4 exhibited the high-
st radical-scavenging activity, suggesting that RSP-4 has a high
ntioxidant capacity and could be used as an important resource
uring the development of functional foods.
.3.  ACE  inhibitory  activity
ACE catalyze the cleavage of the C-terminal dipeptide from
he vasodilator bradykinin, to promote angio-activity and con-ig. 3. Inhibition of ACE activity by the RSP and its fractions. RSP-1, RSP-2,
SP-3 and RSP-4 at the concentration of 1 mg/mL were four major fractions
hat were obtained and lyophilized from RSP by gel filtration on Sephadex G-25.
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Fig. 4. Inhibition of ACE activity by RSP-4.
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Fig. 5. Identification of amino acid sequence of RSP-4. (a) RPLC-PDA chromatogram
of 21.99 min as consistent with the target peptide and several small peaks from unide
from ultra performance liquid chromatography.an Wellness 2 (2013) 93–98
ower than that of RSP-4 (97.05%) at 1 mg/mL, suggesting
hat bioactive components were extracted during the separation
rocess of RSP. The inhibitory efficiency of 60 ng/mL lotensin
as 91.15%. The ACE inhibitory capability of RSP-4 at var-
ous concentrations was also investigated in the present study.
hen the concentration of RSP-4 was increased to 1.00 mg/mL,
he ACE inhibitory activity was 97.05% (Fig. 4), indicating that
SP-4 was a strong ACE inhibitor (IC50 = 0.19 mg/mL).
 of RSP-4. The resultant chromatograms had a major peak with retention time
ntified substances. (b) The ESI/MS and MS/MS spectrum of RSP-4 separated
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.4.  Identiﬁcation  of  RSP-4
To elucidate the relationship between the bioactivity and
tructure of RSP-4, the molecular mass and sequence of RSP-
 were determined. Most food protein-derived peptides with
ioactivities have relatively low molecular mass, generally less
han 1500 D. The ESI/MS spectrum of a single positively
harged ion with an m/z  of 978 was shown in Fig. 5(b), indi-
ating the molecular mass of 977 D. Based on this molecular
ass and MS/MS database search, the amino acid sequence of
SP-4 was deduced to be PFDSYFVC. According to our previ-
us studies (data not shown), RSP-4 was rich in Asp, Leu, Phe,
yr, and Pro, which are consistent with the results from mass
pectrometric analysis.
.  Discussion
The radical-scavenging capability of RSP is associated with
he substrate as the electron donor that can react with free radi-
als to generate more stable products and terminate the radical
hain reaction [26]. Aromatic amino acids including Tyr and
he can be regarded as the direct radical scavenger. Tyr at the C-
erminus of tripeptides reveals the highest antioxidant activity,
ut very weak peroxynitrite-scavenging activity [27]. Phe plays
n important role in the radical-scavenging activity due to its
roton donation and stability in a resonance structure [28–30].
he has been reported to have strong peroxidation inhibition
y increasing the solubility of peptides in lipids [31,32]. Leu
s especially effective for inhibiting the oxidation of fatty acids
ested in a linoleic acid model system [33]. Asp has reported
o interact with metal ions due to the negatively charged prop-
rties, thus inactivating the pro-oxidant activity of metal ions
34].
The polypeptide structure also reveals the limitation to the
ctivity of these amino acid residues [35]. Pro–His–His has
een identified as the active center [36] and antioxidant pep-
ides derived from marine fish, bovine skin and Hoki fish skin
ontain Gly–Pro [37], which may contribute to the activity. Our
ypothesis is that higher hydroxyl radical-scavenging activity
ay be due to these structures.
ACE is a metal-peptide enzyme containing two binding sites
f Zn2+. A common method used for a variety of antihyper-
ensive peptides (including ACE inhibitors) is the incubation
etween Zn2+ and ACE for the inactivation of ACE. The
unctions of an ACE inhibitory peptide are also correlated
ith its own spatial structure and amino acid compositions.
he structure–activity relationship of naturally occurring ACE
nhibitory peptides have indicated that the bioactivity of these
CE inhibitory peptides are resulted from Pro or aromatic amino
cid residues [38]. The presence of phenylalanine, tyrosine, or
roline at the C-terminus offers tripeptides or dipeptides a higher
otency of inhibitory activity [39]. N-terminal amino acids
ith long-chain or hydrophobic can provide peptides strongnhibitory activity [40,41], while Phe, Asn, Ser, or Gly at the N-
erminus can mitigate the activity. The hydrophilic–hydrophobic
roperty of the peptide is also a critical factor affecting its
nhibitory activity [42]. Hydrophobic amino acids in ACE
[an Wellness 2 (2013) 93–98 97
nhibitory peptides are proficient at the entrance of the active cen-
er sites so that hydrophilic amino acids can reduce the activity.
he molecular electrostatic potentials of ACE inhibitory pep-
ides are significantly different from those of inactive peptides,
lthough a similar positive potential is existed in the same region
t the C-terminal end [43].
.  Conclusion
RSP can be obtained from the enzymatic hydrolysis of
apeseed protein, and can be fractionated into four fractions
ith various molecular masses by gel filtration on a Sephadex
-25 column. Fraction RSP-4 revealed the highest ABTS
adical-scavenging activity and ACE-inhibiting capacity. Mean-
hile, the amino acid sequence of RSP-4 was identified as
FDSYFVC, with a molecular mass of 977 D. Based on these
tudies, RSP has high potential to develop as a valuable antiox-
dant peptide for food additives. However, further structural
nalysis of RAH still needs to be conducted.
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